Several observational studies suggested that vitamin E intake is related to the risk of kidney cancer; however, the results of published studies are inconsistent.
Background
Kidney cancer is the third most common genitourinary malignancy [1] . The incidence of this cancer has been increasing rapidly globally [2] . For example, a study estimated that about 64 000 cases of kidney cancer were diagnosed in the United States, and 14 000 patients died in 2014 [3] .
Many studies have suggested that heredity [4] , environment [5] , and lifestyle factors [6] influence the occurrence and development of kidney cancer. It has been hypothesized that the direct mechanism of metabolic disorders, as well as the presence of oxidative stress caused by external and internal factors, is closely related to the development of kidney cancer [7] .
Vitamin E, a fat-soluble vitamin and a well known antioxidant, plays an important role in inhibiting cancer incidence and development in various organs of animal models by prevent DNA damage and mutagenesis [8] . However, some epidemiological observational studies showed an ambiguous relationship between vitamin E intake and kidney cancer risk [9] . Although a previous meta-analysis was conducted to assess the relationship between vitamin E intake and renal cell carcinoma risk and it found a significant inverse association, this study only assessed the renal call carcinoma risk but not all kidney cancer risk. Moreover, only 7 case-control studies were included, the evidence was limited, and it may lead to more confounding factors and biases. Hence, we conducted a meta-analysis that integrated all published observational studies (case-control and cohort studies) to assess the relationship between vitamin E intake and kidney cancer risk.
Material and Methods

Study identification
A literature search was conducted using the databases PubMed and Medline up to 2015/08/31 with the following search terms ''vitamin E intake'' or "dietary vitamin E" and ''renal carcinoma'' or "kidney cancer" were used as a combination of free text or as MeSH terms. Inclusion criteria were: studies that were conducted as case-control or cohort study designs, published as full-length articles in English, reported the association between vitamin E intake and kidney cancer risk, reported the relative risks (RRs) or odds ratios (ORs) or hazard ratios (HRs) and the corresponding 95% CIs of kidney cancer for the highest vs. the lowest level of vitamin E intake. Reference lists of the retrieved papers were checked to identify additional relevant studies.
Data collection
For each study we collected the following data extraction using a standardized data extraction form: first author's last name, publication year, study population, sample size, RR and 95%CI of kidney cancer risk from the most fully adjusted model for the highest vs. the lowest level of vitamin E intake, and covariates adjusted in the statistical analysis.
Two independent authors performed all the above procedures, and any disagreements were resolved by discussion.
Statistical analysis
In this study, all statistical analyses were performed using STATA 12.0 (StataCorp LP, College Station, TX). The combined RR and the corresponding 95%CI were used to estimate the relationship between vitamin E intake and kidney cancer risk. We conducted a test based on the I 2 and Q statistic to assess the heterogeneity across the included studies [23] . If there was evidence of heterogeneity, subgroup analysis was performed to identify the possible source of heterogeneity and the effect of potential factors on the overall risk assessment. Furthermore, we carried out a sensitivity analysis excluding each study in turn to investigate its influence on the overall risk estimate. Publication bias was detected using the funnel plot [24] and Egger's test [25] . Results were considered as statistically significant when the P value was less than 0.05.
Results
Initially, 240 articles were searched from the 2 databases according to the inclusion criteria, after reviewing titles, abstracts even full-text. Most of them were excluded because of various reasons. Finally, 13 articles (6944 kidney cancer patients and 465 275 controls or participants) were included [19] [20] [21] .
The main characteristics of the 13 studies are presented in Table 1 . Seven were case-control studies [9] [10] [11] [12] 14, 17, 19] and 6 were cohort studies [13, 15, 16, 18, 20, 21] . Five studies were conducted in the USA [9, 13, 15, 16, 21] , 2 in Canada [14, 19] , 1 in Denmark [10] , 1 in Sweden [12] , 1 in Italy [17] , one in the Netherlands [18] , 1 in Finland [20] , and 1 was conducted in a mixed population from several countries [11] . Most of the included studies adjusted for a wide range of potential confounders, such as age, sex, BMI, smoking, and alcohol use. Figure 1 presents the summary RR of kidney cancer for the highest vs. the lowest level of vitamin E intake. Only 2 included studies showed an inverse association of vitamin E intake with kidney cancer risk [14, 15] 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License Figure 3 presents the funnel plot of publication bias. The funnel plot and Egger's regression test showed there was no evidence of publication bias in the present study (P=0.928).
Finally, we conducted subgroup-analysis to assess the influence of various factors on the overall RR estimate according to study design, study population, and sex distribution. We found that the inverse relationship between vitamin E intake and kidney cancer risk was not significantly modified by study design, study population, or sex distribution except in the cohort studies. The results of subgroup-analyses are presented in Figuress 4-6.
Discussion
Although a previous meta-analysis was conducted to assess the relationship between vitamin E intake and renal cell carcinoma risk, it only included case-control studies. The present meta-analysis was performed to estimate the association between vitamin E intake and kidney cancer risk by combining the published case-control and cohort studies to date, and we found a significant inverse association of vitamin E intake and kidney cancer risk, and this result was not changed by study design, study population, or sex distribution except in the cohort studies. We assessed the association of vitamin E intake and kidney cancer risk by combining all included studies and by performing subgroup-analyses. We found significant evidence of heterogeneity in some of our estimates and we found that only sex distribution was a source of heterogeneity; however, several studies considered the influence of sex distribution on the results. The sources of heterogeneity, we thought, may be partly explained by the study design (some heterogeneity remained among case-control studies), population and other factors, such as type of pathology of kidney cancer.
We found a significant inverse association of vitamin E intake and kidney cancer risk, the concrete physiological mechanisms may be involved in that vitamin E effectively decreased the expressions of cyclooxygenase-2 and 8-hydroxydeoxyguanosine and type I insulin-like growth factor receptor, inhibited peroxidation and induced cell apoptosis, leading to suppressed cell proliferation [26, 27] . A study indicated that in cancer patients, treatement with vitamin E induced cell apoptosis by restoring transforming growth factor-b and Fas signaling pathways, and also increasing the expression of peroxisome proliferator-activated receptor gamma [28] . A study suggested that g-tocotrienol, a vitamin E derivative, reversed the deleterious impact of nicotine on embryo development; this result indicates that g-tocotrienol may prevent the development of cancer by suppressing oxidative stress levels [29] . Vitamin E also preserves the balance of production of reactive oxygen species and thus prevents cellular nucleic acids, lipids, and proteins from the harmful effects of ROS [30] .
Although another meta-analysis was conducted to assess the association between vitamin E intake and renal cell carcinoma risk, only 7 case-control studies were included and only risk of renal cell carcinoma was assessed. In the present study, we included all published observational studies to examine the association between vitamin E intake and risk of all kidney cancer. We conducted subgroup-analysis to assess the influence of various factors on the overall RR estimate, which was not performed in the previous study. The present study provided strong evidence of the association between vitamin E intake and risk of kidney cancer. However, several limitations of our study should be considered. First, although we combined all published studies, recall bias and selection bias of case-control studies were inevitable. Second, strong evidence of heterogeneity among included studies was found. We conducted subgroup-analyses to detect the source of heterogeneity; however, no stratified analysis was able to explain the heterogeneity. Third, most of the included studies assessed the vitamin E intake levels through questionnaires, which may This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License yield some inaccurate reports. Fourth, the results of the present study were mainly based on populations in Western countries; whether our findings are supported in other populations is unclear. Fifth, vitamin E includes tocopherols (a, b, d, and ¡) and tocotrienols (a, b, d, and ¡) [31] . Only 1 component is contained in non-enriched food, and thus it will present different biologic activities between dietary intake and supplements [32] . However, few of the included studies reported the effect of different vitamin E components on the risk of kidney cancer. Finally, we did not find evidence of publication bias, but we were not able to completely rule out such bias because of the limited number of studies. 
Conclusions
Many randomized controlled trials have directly assessed the effects of dietary vitamin E or supplementation on incidence of several cancers and showed an important role in preventing cancer occurrence and development [33, 34] . However, no randomized controlled trials definitely show that vitamin E intake can reduce the risk of kidney cancer; therefore, such studies are indispensable and more persuasive.
